On the basis of re-examinations of herbarium collections, species of the genus Stachys as host plants of the powdery mildew species Neoerysiphe galeopsidis in Slovakia and the Czech Republic were verified. A detailed description, illustrations, the host range and the distribution of this fungus are given.
INTRODUCTION
Stachys is a genus of about 300 species of annual and perennial herbaceous plants and shrubs in the family Lamiaceae. The distribution of the genus covers Europe, Asia, Africa and North America. The most common powdery mildew species parasitising Stachys species is Neoerysiphe galeopsidis. This fungus was first described in 1815 as Erysiphe galeopsidis. At present it is one of six species of the genus Neoerysiphe U. Braun (syn. Erysiphe section Galeopsidis U. Braun). Braun (1999) introduced five Neoerysiphe species: N. chelones (Schwein.) U. Braun, N. cumminsiana (U. Braun) U. Braun, N. galeopsidis (DC.) U. Braun, N. galii (S. Blumer) U. Braun, N. geranii (Y. Nomura) U. Braun, and designated N. galeopsidis as the type species. Bahcecioglu et al. (2006) introduced another species, N. rubiae Bahc., U. Braun & Kabakt. The teleomorph of N. galeopsidis was described in detail by Braun (1995) , Shin (2000) and other authors. It is characterised by having Erysiphe-like chasmothecia, a multi-layered peridium, mycelioid appendages and 2-8-spored asci. This species is known to form mature ascospores only after overwintering (Klika 1923 , Junell 1967 , Shin 1991 . Based on detailed SEM examinations of conidium surface features of the anamorph of N. galeopsidis, characterised by having linear wrinkled conidia, Oidium subgenus Striatoidium was proposed by Cook et al. (1997) as the anamorph. In addition to morphological criteria and host range data, the identification of powdery mildews was supplemented with molecular phylogenetic analyses (Saenz and Taylor 1999 , Mori et al. 2000 , Cunnington et al. 2003 , Cook et al. 2006b ).
In November 2007, Stachys byzantina (syns. S. lanata, S. olympica, S. sublanata) was found attacked by the fungus Neoerysiphe galeopsidis. In the monograph of powdery mildews of Slovakia (Paulech 1995) , S. byzantina is not included as a host plant of this powdery mildew fungus. We therefore assumed that it was a new record for Slovakia. However, Amano (1986) listed N. galeopsidis on S. byzantina in the former Czechoslovakia. As S. byzantina is neither mentioned as a host plant of this fungus in the monograph of Slovak powdery mildews (Paulech 1995) nor in the monograph of Czech powdery mildews (Klika 1923) , we searched for the original data. The aim of this paper is to verify which species of the genus Stachys are parasitised by N. galeopsidis on the territory of Slovakia and Czech Republic (former Czechoslovakia).
Morphological features of the species are described and illustrated, and its host range and geographical distribution are summarised.
MATERIALS AND METHODS
Fresh leaves of Stachys byzantina and S. sylvatica infected with a powdery mildew fungus were collected in 2007 and 2008. Herbarium specimens were deposited in the herbarium of the Institute of Forest Ecology, Slovak Academy of Sciences, Nitra, Slovakia and the U.S. National Fungus Collections, USA (BPI).
In order to re-examine and confirm records of N. galeopsidis on Stachys species, 59 herbarium specimens were loaned (4 from BRNU -herbarium of the Department of Botany and Zoology, Masaryk University, Brno, Czech Republic; 11 from PRC -herbarium of the Department of Botany, Charles University, Prague, Czech Republic; 7 from PRM -herbarium of the National Museum, Prague, Czech Republic; 37 from SAV -herbarium of the Institute of Botany, Slovak Academy of Sciences, Bratislava, Slovakia). We did not find any other herbarium collections of this species on Stachys collected in Slovakia or the Czech Republic deposited in other Slovak and Czech herbaria listed in the Index Herbariorum database.
The collections were examined by a stereo microscope (SZ51, Olympus, Japan) and standard light microscope (BX51, Olympus, Japan). The herbarium samples were mounted in distilled water, pure lactic acid and lactic acid stained with lactophenol blue for microscopic examination.
Descriptions were made according to our own specimens collected in Slovakia (field collections) and re-examined herbarium collections. The values of taxonomic characteristics of N. galeopsidis were compared to previously published descriptions. The morphological structures of this fungus and symptoms of attacked host organs were photographically documented. Based on literature data, the host range and geographical distribution of the fungus examined were established.
RESULTS AND DISCUSSION
Neoerysiphe galeopsidis (DC.) U. Braun, Schlechtendalia 3: 50, 1999 
Symptoms
The first symptoms appear in early May. The mycelium forms subcircular to irregular white to greyish patches on both leaf surfaces, a dense woolly mycelial felt, also present on stems (Fig. 1) and inflorescence.
Microscopic features
Mycelium amphigenous, i.e. it occurs on the upper and lower leaf surfaces. Superficial hyphae branched, septate, hyaline, 4-7 μm wide. Hyphal appressoria lobed to multilobed, single or in opposite pairs. Conidiophores erect, simple, hyaline, with straight foot-cells, 20-45 × 8-12 μm, followed by 1-3 shorter cells, and 2-4(-6) conidia in chains with sinuate edge line (Fig. 2) . Conidia hyaline, unicellular, with faintly striated surface, without fibrosin bodies, 23-42 × 12-22 μm. First (primary) conidium ovoid with rounded apex and a flattened base, following (secondary) conidia mostly doliform and rarely subcylindric, producing germ tubes below the shoulder (Fig. 3) . The anamorph belongs to Oidium subgenus Striatoidium.
Chasmothecia gregarious to subscattered, globose, blackish brown, 105-210 μm in diam. Appendages numerous (>25 per chasmothecium), mycelioid, septate, hyaline, brown at the base, generally simple, rarely irregularly branched, arising from the lower half of the chasmothecium, 0.5-2 times as long as the chasmothecial diam., interlaced with each other (Fig. 4) . Asci 6-12 per chasmothecium, oblong-elliptic, stalked, 45-60 × 20-30 μm. No mature ascospores were found in the collections examined.
Abundant chasmothecia of this fungus (with undifferentiated ascospores) were found on leaves and stems of Stachys palustris, S. recta, S. sylvatica and rarely on S. byzantina and S. germanica. No chasmothecia were produced in 12 out of 39 specimens examined on S. sylvatica. Based on the morphology of the fungus as well as the identity of the host plant species, the causal agent of this powdery mildew infection was identified as Neoerysiphe galeopsidis. Taxonomic characteristics of N. galeopsidis corresponding well to previously published descriptions are shown in Tab. 1.
Host range and distribution
Neoerysiphe galeopsidis has been recorded on plants from 12 families, mainly representatives of the L a m i a c e a e family: Acinos, Agastache, Ajuga, Amethystea, Arischrada, Ballota, Betonica, Calamintha, Chaiturus, Chelonopsis, Clinopodium, Comanthosphace, Dracocephalum, Drepanocaryum, Elsholtzia, Eremostachys, Galeobdolon, Galeopsis, Glechoma, Lagopsis, Lallemantia, Lamium, Leonotis, Leonurus, Leucas, Lycopus, Marrubium, Melissa, Melittis, Mentha, Metastachydium, Monarda, Nepeta, Ocimum, Origanum, Panzeria, Phlomis, Physostegia, Plectranthus, Prasium, Prunella, Rosmarinus, Salvia, Satureja, Scutellaria, Sideritis, Stachyopsis, Stachys, Teucrium, Thymus, and Ziziphora (Braun 1987 , Braun 1995 , Karis 1995 ; according to Farr et al. (n. d.) also plants of other families: A c a n t h a c e a e : Acanthus; A s t e r a c e a e : Arctotheca, Bidens, Cacalia, Eupatorium, Heliopsis, Ligularia, Senecio, Tagetes; B i 
g n o n i a c e a e : Catalpa; C i c h o r a c e a e : Crepis; D i p s a c a c e a e :
Dipsacus; G e r a n i a c e a e : Geranium; M a l v a c e a e : Althaea; P e d a l i a c e a e : Sesamum; P o a c e a e : Triticum; S c r o p h u l a r i a c e a e : Calceolaria, Chelone; Ve r b e n a c e a e : Verbena. However, according to the current taxonomy, records on composites pertain to Neoerysiphe cumminsiana, and those on Geranium and Chelone spp. to N. geranii and N. chelones, respectively. Althaea rosea was recently recorded as a host in China by Liu et al. (2006) , and collections on Acanthus spinosus and Catalpa spp. were recorded and described in Cook et al. (2006a, b) . Records from hosts of other families are doubtful and not confirmed. The fungus has an extensive distribution range. It occurs all over Europe, Asia, Africa, North and South America, and New Zealand (Grigaliunaite 1997).
Tab. 2 provides an up-to-date list of all species and varieties of the genus Stachys attacked by N. galeopsidis reported in the world based on data in the literature. Lamiaceae, previously referred to as Erysiphe cichoracearum. The occurrence of P. macularis on Stachys is very doubtful and not confirmed. In case chasmothecia are not produced, N. galeopsidis is easily distinguishable from G. biocellatus, also a species with a chain-forming anamorph, by having lobed appressoria (almost indistinct to nipple-shaped in the latter species) and the presence of longitudinal linear ridges on the surface of the conidia visible especially under SEM (Gorter 1987) .
A record of N. galeopsidis on Stachys glutinosa in the former Czechoslovakia published by Amano (1986) and Braun (1995) is doubtful, because S. glutinosa grows neither in Slovakia (Bertová and Goliašová 1993) 
